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Background. Gum arabic is a potential sensitizer in food industry. Methods. We examined 11 candy factory workers referred to
examinations due to respiratory and skin symptoms paying attention to exposure and sensitization to gum arabic. Skin tests,
pulmonary function tests, and respiratory provocation tests were carried out as indicated by the symptoms and ﬁndings. Results.
Occupational asthma, caused by gum arabic was diagnosed in 4/11 candy factory workers and two of them had also occupational
contact urticaria and one had occupational rhinitis. One of them had oral symptoms associated with ingestion of products
containing gum arabic. Conclusions. Airborne exposure to gum arabic may cause sensitization leading to allergic rhinitis, asthma,
and urticaria.
1.Introduction
Gum arabic, or gum acacia is mainly derived from Acacia
senegal tree. Asa nontoxicmaterial itisused as an emulsiﬁer,
a thickening agent, and as a stabilizer in foods, with E-code
E414[1].Itisusefulinmanykindsoffoodstuﬀsbecauseofits
very low viscosity, complete solubility in water, and absence
ofany taste or odour. Due to technical properties gum arabic
can be used in multiple applications like in pharmaceutical
industry, lithography, and cosmetics.
Gum arabic is comprised of sugars and glucuronic acid
residues in a long chain of galactosyl units with branched
oligosaccharidesattachedtoapolypeptidebackbone.Protein
content of gum arabic varies from 1 to 2%. IgE antibod-
ies against polypeptide chains in gum arabic have been
described to elicit asthma in occupational exposure [2].
Occasional cases of occupational asthma in printers [3],
candy factory [4, 5], and pharmaceutical industry workers
[2] have been described. Although gum arabic is extensively
used in food industry ingestion of it is a rare cause of
immediate allergy symptoms [1].
We describe several cases of occupational asthma caused
by gum arabic among candy factory workers.
2.Methods
2.1. Patients. Eleven candy factory workers with respiratory
and/or skin symptoms were referred to the Allergy Unit of
Turku University Central Hospital (Table 1).
2.2.WorkplaceDescription intheCandy Factory. This Finnish
candy factory was a major producer of multiple goodies in
Finland since 1910. Gumarabic was an important ingredient
in many candies. In making soft pastilles, gum arabic was
dissolved in water as kibbles without making dust in the
air. Hard boiled candies, instead, were covered with spray
driedgumarabicinsidearotatingdrum.Dry,powderedgum
arabic, packed in 25kg bags, was poured by workers into the
drums. Cornstarch, used to cover liquorice, also made dust
in the air.
Working clotheswere a short-sleeve jacketand/or T-shirt
and pants. The workers, who had to do cleaning used rubber
gloves. Other protective equipment was not required but
respiratory masks were available.
These patients were referred during the last operation
year of the factory. In the preceding year the production of2 Journal of Allergy
Table 1: Patients of the candy factory examined for suspected occupational disease.
Patient
sex/age years
Years in
candy factory
Duration of
symptoms Symptoms Diagnosis
F/41 8 6 months Hives Chronic nonoccupational urticaria
M/31 10 2.5 years Hives Work associated urticaria (carmine and
house dust mites positive in skin prick tests)
F/32 8 2 months Hives Chronic non-occupational urticaria
F/50 16 9 months Papular erythema of the hands Occupational allergic eczema from rubber
gloves
F/36 15 1.5 years Dyspnoea, rhinitis, eye
symptoms, hives
Occupational asthma, rhinitis and urticaria
from gum arabic
F/54 10 6 years Dyspnoea, rhinitis, eye
symptoms, redness of the skin Occupational asthma from gum arabic
F/43 13 3 years Dyspnoea, rhinitis, eye
symptoms, itching of the skin
Occupational asthma and urticaria from
gum arabic
F/52 21 10 years Dyspnoea, rhinitis, eye
symptoms, hives Occupational asthma from gum arabic
F/45 Unknown 2 months Dyspnoea and cough Laryngitis (non-occupational)
F/35 Unknown 4 months Dyspnoea and cough Allergic non-occupational asthma
F/38 10 3 years Nasal congestion and secretion Rhinitis (non-occupational)
the candy factory had been cut down stepwise before ending
oftheproduction.Hardboiledcandieswerethelastproducts
of the factory.
2.3.LungFunctionTests. Patientswithlowerrespiratorytract
symptoms underwent spirometries and bronchodilation
tests with 0.4mg inhaled salbutamol aerosol administered
with a spacer. The dosimetric bronchial histamine challenge
test using four stepwise increasing doses of histamine
diphosphate solution(0.025,0.1, 0.4 and 1.6mg) was carried
out using Spiro Electro 2 dosimeter (Spira Respiratory Care
Center ltd, H¨ ameenlinna, Finland) as described by Sovij¨ arvi
et al. [6]. The patients were deﬁned to have bronchial
hyperresponsiveness if the provocative dose of histamine
diphosphate causing a 15% fall in FEV1 (PD15) was 1.6mg
or less. Serial peak expiratory ﬂow measurements (PEF)
were carried out in every two hours during the awaketime
for a minimum of two weeks period at work and home
includingatleasttwoperiodsoffree days[7].PEFrecordwas
considered compatible for occupational asthma if there was
at least 20% diurnal variation in two working days and less
variationinfreedaysandsuggestiveiftherewasnotover20%
variation but the variation was clearly higher on working
days. PEF record was not compatible with occupational
asthma if no clear diﬀerence were found between working
and free days. The fraction of nitric oxide in the exhaled
air (eNO) was measured with Niox Mino portable device
according to the instructions of the manufacturer.
2.4. Speciﬁc Bronchial Provocation Test. Speciﬁc bronchial
provocation tests were performed in the Finnish Institute
of Occupational Health in Helsinki with powdered gum
arabic and by using lactose powder as a referent test. The
provocation tests were done in a 8m3 challenge chamber
according to international guidelines [8]. In both the active
and the referent tests, the patient sat in the chamber for
30 minutes with the powder bowl in the front of her.
The powder was dispersed in the air with compressed air
once in every one to ﬁve minutes. PEF and FEV1 values
were monitored for 24 hours after each challenge test with
ap o c k e t s i z es p i r o m e t e r( O n eF l o w ,S t iM e d i c a l ,S a i n t -
Romans, France). A >20% fall in FEV1 or PEF values was
considered as signiﬁcant. The patient was also followed for
clinical symptoms and lung auscultation.
2.5. Skin Prick Tests (SPT). SPTs were carried out with
commercial common environmental allergens including
birch, grass and mugwort pollens, cat, dog and horse epithe-
lium, house dust mite, molds and latex (ALK-Abell´ oA / S ,
Hosholm, Denmark and concerning birch and timothy from
February 2006 to October 2006 Allergopharma, Reinbek,
Germany), and with gum arabic (Caesar & Loretz GmbH D-
40721) 1:10 (w:v) in physiologic saline using a commercial
one-peak lancet and prick-prick method. Depending on the
exposure in the working place own powdered gum arabic
and cornstarch and carmine red colour, all moisturized with
saline, were also tested with SPT. Histamine dihydrochloride
1 0m g / m L( A L K - A b e l l o )w a su s e da sap o s i t i v ec o n t r o la n d
the diluent (Soluprick, ALK-Abello) as a negative control.
The largest diameter and the diameter opposite to it were
measured at 15min. A reaction was interpreted as positiveJournal of Allergy 3
when the mean of the wheal diameters was at least 3mm
greater than that of the negative control.
2.6. Cutaneous Exposure Test. Open cutaneous application
test was done on a skin area about 5cm in diameter on
the volar surface of the arm. Gum arabic powder (5g)
moisturized with saline was applied and gently removed
at 15min for the reading of the reaction. In addition
to erythema an appearance of one or more wheals was
interpreted as a positive reaction.
2.7. Patch Tests. Patch testing was carried out to one patient
with eczematous skin disease according to standardized
guidelines [9]. The allergens were derived from Chemotech-
nique (Vellinge, Sweden), and the application time was 48
hours. The ﬁnal interpretation of the test reactions was done
at 96 hours.
2.8. Serological Tests. Gum arabic speciﬁc IgE (Immuno
CAP f297, Phadia) was measured in patients with suspected
occupational asthma.
2.9. Deﬁnition of Occupational Asthma. The subject was
deﬁned tohave occupationalasthma due togumarabic if the
asthmatic symptoms worsened at the working place, there
was positive skin prick test or speciﬁc IgE to gum arabic and
a compatible PEF record with occupational asthma and/or
positive challenge test. The aim was to conﬁrm all cases
by placebo-controlled bronchial challenge tests. One patient
was not tested because her PEF recording was compatible
withoccupational asthma and she had strong oral symptoms
of ingested gum arabic.
3.Results
3.1. Diseases of Candy Factory Workers. Six candy factory
workers had occupational allergic disease (Table 1). Four
patients had occupational asthma caused by gum arabic.
Concomitant occupational contact urticaria was veriﬁed by
the cutaneous exposure test in 2/4 of them and occupational
rhinitis together with asthma in one of them in the
speciﬁc bronchial provocation test. One other patient had
occupational allergic contact dermatitis caused by thiuram
chemicals. One patient had occupational urticaria caused by
allergytocarmine redused incandies. There were nopositive
SPT reactions to cornstarch. No work-related allergies were
found in ﬁve patients. Their symptoms were not clearly
related to work and they were not sensitized to work-related
allergens. One of them had atopic asthma, one had laryngitis
probably caused by reﬂux disease and smoking and, one had
rhinitis which was found not to be related to work. Two
patients had chronic urticaria not related to work.
3.2. Occupational Asthma due to Gum Arabic in Four Candy
FactoryWorkers. The workers with occupational asthma had
been doing the same work for 10 to 21 years (mean 14.8
years)andexperiencedsymptomsoftherespiratorytractand
skin for 1.5 to 10 years (mean 5.1 years). The characteristics
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Figure1:ChangeinPEFinthechallengetestswithlactose(negative
control), gum arabic 10%, and gum arabic 100%. All reactions to
gum arabic were immediate reactions. The numbers of the patients
refer to the numbers in Table 2.
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Figure 2: Change in FEV1 in the challenge tests with lactose
(negative control), gum arabic 10%, and gum arabic 100%. All
reactions to gum arabic were immediate reactions. The numbers of
the patients refer to the numbers in Table 2.
of four candy factory workers with occupational asthma due
to gum arabic are seen in Table 2.F i g u r e1 presents the
change in PEF and Figure 2 the change in FEV1 in the
challenge tests with lactose (negative control), gum arabic
10%, and gum arabic 100% in patients 1, 2, and 4.
3.3. Outcome of the Patients with Occupational Diseases.
Patient 1 (in Table 2) with occupational asthma started
re-education. The three other patients with occupational
asthmacontinuedtowork inthefactory untiltheproduction
ended a few months later. They avoided exposure to gum4 Journal of Allergy
Table 2: The characteristics of four candy factory workers with occupational asthma due to gum arabic.
Patient 1
36 year-old woman
Patient 2
54 year-old woman
Patient 3
43 year-old woman
Patient 4
52 year old woman
Duration of current
work/duration of symptoms
(years)
15/1.5 10/6 13/3 21/10
Sensitizationto common
allergens1 No no no no
S-IgE (kU/l)2 78 39 104 338
SPT to gum arabic (mm)3 4353
S-IgE to gum arabic (kU/l) 4.4 0.60 4.5 5.6
FEV1 liters (% of reference ) 2.0 (64%) 2.5 (81%) 2.6 (86%) 2.3 (77%)
Compatibility of PEF records in
working and free days to
occupational asthma4
not compatible suggestive compatible compatible
Exhaled NO (ppb) 43 21 20 19
Bronchial hyperresponsiveness in
histamine challenge5 no mild mild moderate
Bronchial challenge test with
gum arabic positive positive not done positive
1Tree, grass and mugwort pollens, cat, dog and horse epithelium, house dust mite, molds, 2Serum total immunoglobulin E level, 3SPT = skin prick test,
4PEF = peak expiratory ﬂow, 5strong hyperresponsiveness: histamine PD15 <0.1mg, moderate hyperresponsiveness: histamine PD15 0.11–0.4mg, mild
hyperresponsiveness: histamine PD15 = 0.41–1.60mg, no hyperresponsiveness: histamine PD15 >1.60mg.
arabic. Six months after the work in the candy factory had
ended patient 3 (in Table 2) was free of symptoms without
asthma medication. She, however, experienced angioedema
when ingesting gum arabic containing foods. In patients 1,
2, and 4 asthma was in control with medication, and they
did not experience symptoms associated with gum arabic
ingestion.
The patients with occupational skin diseases; caused by
carmine red in one and by rubber chemicals in the other;
were symptom-free when avoiding those allergens.
4.Discussion
Occupational asthma due to IgE-mediated allergy to gum
arabic was diagnosed in four candy factory workers. Only
onecorrespondingcasehasbeenreported in anotherFinnish
candy factory [4], although the use of gum arabic in
food industry is extensive [1]. Even though the occurrence
of occupational allergy due to gum arabic is rare, it is
possible that there is underreporting of the symptoms. In
this study we did not survey the workers in the factory
for sensitization to gum arabic and associated symptoms
because of the approaching closure of the factory. We do not
know whether more workers were sensitized to gum arabic
and whether there were mildly symptomatic subjects who
h a dn o tc o n t a c t e dad o c t o r .
Rhinitis is known to increase the risk of asthma by
3t o5t i m e s[ 10], and patients with occupational rhinitis
have an increased risk of developing asthma [11]. Our
patients had also rhinitis and skin symptoms. They had
experienced symptoms for a variable, but rather long time
before contacting the doctor. They probably did not contact
the doctor until they had developed asthmatic symptoms.
All cases of occupational asthma in this factory were
caused by gum arabic. In diﬀerent candy factories carmine,
pectin [12], milk, egg, nuts, seeds [13], spices, ﬂavours,
guar gum, and cornstarch may cause occupational allergy or
nonspeciﬁc respiratory symptoms. In this study one worker,
sensitized to carmine, was diagnosed to have work associated
urticaria with minor respiratory symptoms. The workers
who were diagnosed to have occupational asthma due to
gum arabic had most symptoms at the working place when
handling gum arabic powder.
SPTs with cornstarch were negative. Airborne corn-
starch evidently caused mucosal irritation. We do not
know whether exposure to cornstarch powder increased the
symptoms due to gum arabic like airborne cornstarch seems
to increase symptoms of latex allergy [14].
Latex must also be considered in candy factory workers
as a cause of occupational urticaria and dermatitis, rhinitis,
and asthma. In thisstudy thiuram chemicals in rubbergloves
had caused allergic contact dermatitis in one worker but all
workers had a negative SPT to latex.
There is an exposure-response relationship between
exposure to protein allergens such as wheat ﬂour and alpha-
amylase in bakeries and the development of occupational
sensitization and symptoms [15, 16]. The production of
this candy factory was concentrated on hard pastilles before
closing the factory which increased the exposure to gum
arabic. Increasing exposure to gum arabic probably caused
the symptoms. The workers reported most symptoms in
situations where exposure to gum arabic powder was the
highest.
The sensitization route of these workers was the res-
piratory tract and/or the skin. Sensitization through the
respiratory tract or skin to a food allergen may lead to theJournal of Allergy 5
subsequent development of symptoms during oral exposure
as has been reported for sensitization to egg in bakery
and confectionery workers [17], for lupine seeds in legume
laboratory workers [18], for carmine in a worker engaged in
dye manufacturing [19]a n df o rﬁ s h[ 20]. Only one of these
candy factory workers with occupational asthma reported
oral symptoms associated with ingested gum arabic. Despite
herasthma relievedafterdiscontinuationoftheexposure,the
oral symptoms remained.
We have shown that gum arabic may cause occupational
allergic rhinitis and asthma with urticaria symptoms. In this
study the cases of occupational asthma in the candy factory
appeared when there was an increase in the exposure. None
of the patients had any previous atopic disease. Working
methods which produce less powder and respiratory and
skin protection are recommended. Early diagnosis of occu-
pational allergy due to gum arabic is important in order to
prevent the development of asthma.
Acknowledgment
The authors thank Paula Kauppi, MD, for describing the
method of the provocation test with gum arabic extract.
References
[1] “Final report on the safety assessment of Acacia catechu
gum, Acacia concinna fruit extract, Acacia dealbata leaf
extract, Acacia dealbata leaf wax, Acacia decurrens extract,
Acaciafarnesianaextract, Acaciafarnesianaﬂowerwax,Acacia
farnesiana gum, Acacia senegal extract, Acacia senegal gum
and Acacia senegal gum extract,” International Journal of
Toxicology, vol. 24, no. 3, supplement, pp. 75–118, 2005.
[ 2 ]I .S a n d e r ,M .R a u l f - H e i m s o t h ,K .W i e m e r ,S .K e s p o h l ,T .
Br¨ uning, and R. Merget, “Sensitization due to gum arabic
(Acacia senegal): the cause of occupational allergic asthma
or crossreaction to carbohydrates,” International Archives of
Allergy and Immunology, vol. 141, no. 1, pp. 51–56, 2006.
[ 3 ]P .B .S .F o w l e r ,“ P r i n t e r s ’a s t h m a , ”The Lancet, vol. 260, no.
6738, pp. 755–757, 1952.
[4] K.Kilpi¨ o,T.Kallas,T.Hupli,andK.Malanin,“Allergicrhinitis,
asthma and eczema caused by gum arabic in a candy factory
worker,” Duodecim, vol. 116, no. 22, pp. 2507–2509, 2000.
[5] K. F¨ otisch, J. F¨ a h ,B .W ¨ uthrich, F. Altmann, D. Haustein,
and S. Vieths, “IgE-antibodies speciﬁc for carbohydrates in a
patient allergic to gum arabic (Acacia senegal),” Allergy,v o l .
53, no. 11, pp. 1043–1051, 1998.
[ 6 ]A .R .A .S o v i j ¨ arvi, L. P. Malmberg, K. Reinikainen, P. Rytila,
and H. Poppius, “A rapid dosimetric method with controlled
tidal breathing for histamine challenge: repeatability and
distribution of bronchial reactivity in a clinical material,”
Chest, vol. 104, no. 1, pp. 164–170, 1993.
[7] P. F. Gannon and P. S. Burge, “Serial peak expiratory
ﬂow measurement in the diagnosis of occupational asthma,”
European Respiratory Journal, vol. 24, pp. 57S–63S, 1997.
[8] Allergy Practice Forum, “Guidelines for the diagnosis of
occupational asthma,” Clinical and Experimental Allergy,v o l .
22, no. 1, pp. 103–108, 1992.
[9] J. Wahlberg and M. Lindberg, “Patch testing ,” in Contact
Dermatitis, P. J. Frosch, T. Menne, and J. P. Lepoittevin, Eds.,
pp. 366–382, Springer, New York, NY, USA, 4th edition, 2006.
[10] S. Guerra, D. L. Sherrill, F. D. Martinez, and R. A. Bar-
bee, “Rhinitis as an independent risk factor for adult-onset
asthma,” Journal of Allergy and Clinical Immunology, vol. 109,
no. 3, pp. 419–425, 2002.
[11] A. Karjalainen, R. Martikainen, T. Klaukka, K. Saarinen,
and J. Uitti, “Risk of asthma among ﬁnnish patients with
occupational rhinitis,” Chest, vol. 123, no. 1, pp. 283–288,
2003.
[ 1 2 ]A .K r a u t ,Z .P e n g ,A .B .B e c k e r ,a n dC .P .W .W a r r e n ,“ C h r i s t -
mas candy maker’s asthma. IgG4-mediated pectin allergy,”
Chest, vol. 102, no. 5, pp. 1605–1607, 1992.
[13] J. M. James and J. F. Crespo, “Allergic reactions to foods by
inhalation,” Current Allergy and Asthma Reports,v o l .7 ,n o .3 ,
pp. 167–174, 2007.
[14] M.Lundberg, K.Wrangsj¨ o,andS.G.Johansson,“Latexallergy
from glove powder—an unintended risk with the switch from
talc to cornstarch?” Allergy, vol. 52, no. 12, pp. 1222–1228,
1997.
[15] R. Houba, D. Heederik, and G. Doekes, “Wheat sensitization
and work-related symptoms in the baking industry are
preventable,” American Journal of Respiratory and Critical Care
Medicine, vol. 158, no. 5, pp. 1499–1503, 1998.
[ 1 6 ]J .B r i s m a n ,M .J .N i e u w e n h u i j s e n ,K .M .V e n a b l e s ,V .P u t c h a ,
S. Gordon, and A. J. N. Taylor, “Exposure-response relations
for work related respiratory symptoms and sensitisation in a
cohort exposed to α-amylase,” Occupational and Environmen-
tal Medicine, vol. 61, no. 6, pp. 551–553, 2004.
[17] C. Leser, A. L. Hartmann, G. Praml, and B. W¨ uthrich, “The
”egg-egg” syndrome: occupational respiratory allergy to air-
borneegg proteinswithconsecutiveingestiveegg allergyinthe
bakery and confectionery industry,” Journal of Investigational
Allergology and Clinical Immunology, vol. 11, no. 2, pp. 89–93,
2001.
[18] J. F. Crespo, J. Rodr´ ıguez, R. Vives et al., “Occupational IgE-
mediated allergy after exposure to lupine seed ﬂour,” Journal
of Allergy and Clinical Immunology, vol. 108, no. 2, pp. 295–
297, 2001.
[19] S.Acero,A.I.Tabar,M.J.Alvarez,B.E.Garcia,J.M.Olaguibel,
and I. Moneo, “Occupational asthma and food allergy due to
carmine,” Allergy, vol. 53, no. 9, pp. 897–901, 1998.
[20] J. Rodr´ ıguez, M. Rea˜ no, R. Vives et al., “Occupational asthma
caused by ﬁsh inhalation,” Allergy, vol. 52, no. 8, pp. 866–869,
1997.